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ABSTRAUL

Chpe o thie vt inteiesting and pulvntmll\ LI pOrtant runt. trad o Danges
G bee Ll stidtation is the Nairked alteraton that has been

Fie Te m;‘ui;nl Fespulse properties of central auditory neurons. W
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it
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el nsl epe e that the temporal resolation: of neurons mthe mterior cothcalus,
i noae Lo phase lock or tolfon pulse trams of mcreasing, frequency s
et ncreased tollow g chronie stimulation (sovder etal b N\europhysiol
T pd el Noreovet D presious Quarter v Progress Report COQPR#AS
wertcneen st Deceniber 3101999 we presented data indicating that the magnitude
Crease o temporal tesolution ut the central auditony nedrons s dependent
i he higher

et wemporal properties of the chronie stimalation
winporalls hallenging protocols ased i current studies mduced marked
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vorcases e teimporal resolution. whereas animals stimulated with simple puise
Fhis Quarteriy

C S were not significanthy ditterent trom norimal
voss Keport is an update on temporal resolution studies, presenting restlts from

(e chronteathy sumudated ammals induding prelimimary data from 2 new
Voernen it gredps fong deatened sohroni ally stimulated cats and adult

o

FRANE SN

e oo et stiniulated cats
CSddition i onder o better detine the mechanisis underhyving these
fotermporal resciution turther dnalvses of the data were pm'rum‘\t'd,
caiticd disroibinion ot 10 nedrons with mcreased phase focking

Results showy that neurons i the externai

warriiing e
Ocacinies rolow iy Chronie stimualation
s cor e 10 do not exhibit imcreased temporal resolution. But withm the central
ciis e ottect appears to be broadly distributed across the tonotopic gradient

Chit o= noUselective either to the region ot the 1O normally encoding
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Leticies o to the location most sensitive to clectrical stimuatation with the
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AL FFFECTIS OF CHRONIC EHECTRICAE STIMULATION ON THE TEMPORAL
RESOLL TTON O INFERIOR COLLICUTLUS NEURONS IN DEAFENED CATS.

Spimulation Histories
s Report o preseitt data trom additional Chronrealtby suomulated cats. Table
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<= that ~uch changes i the temporat response patterns swithin the contral

< steidordny parthy daindertie inadin idual diftereinces and fongitudinal changes i

vt oodhitear implant stbjects
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L rnis anduced increase 1 tetiporal tesolution s dependent upon the temporal
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o il uon cledtrical stomudation. Neonatally deatened cats that were
Pl showed o

CsigiiTcant imcredase 1 temporal resolation of i6 neurons with a mean

fodow iy trequencs of 137 PPS s compared 1o a mean ot 98 PPS i normal

Lot~ oreuronis fron stidar cats stimulated with low rreguency stimuls 80

IR TR

Gorntodest foredse to a Meat of Toe PPS

e 1he deatoniiie atd stniuiation histories for these recenty studied aniials.
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Neonatally deatenedschronically stimulated animals: The fivst group ot 4 cats are
ecitalls deatened cats ironically stimudated with protocols designed to be
Fe e cental auditory systent These animials were implanted with an
Lo cats (kYo Kosointially recerved passive

RIS ISR RII AN

IR I T R R R TR RN,
GaTr e bie s cle e At ooy neeeks ot aye
G b hn~ 0 w ko with an analogue speech processor and

cere beliay orally tramed to determime thresholds to fong phase

Portie ST

~Ubscgenthe theen

Cator pooises s phasedr at fow requendies: the two other cats (hoy KOO mitiallv

AAAAA ot caem o stmulauon syith an amplitude modulated signat €300 pps carmer 100t
~ o phitade modulated at 30 o Inaddition: during the rinal phase of chronig

ot tac of the cats chees and RS awere trained onan amphtude modulation

: Vbl Lish 300 pps cartier. stusoidal amphitude modulated at IV B VIR i P

Lo i the oler te o aiials were voked Cto theni, m order to examime directhy the

clian boral tratiing v passive stimudation i indudng, centrai auditory svstem

Long-term neonatally deatened cats: [he second group ot chronicatly sumulated
e <l i Lable 1consists ot 2 neonatally deatened animals that were maintained for

cterded peried s prion wstudy - the group we call “long term deatened” cats that have
Cery ~es ore degeneration of the sprral ganglion and auditory nerve due to the duration of
teabiess i order to eaplore the possible tactors underlving stimulation-induced
Giporat iesolution of central auditory neurons.awe have mitiated a study to

]

S

SroUbeises e Dol
Ceteriie L wether these lony deatened aimals can be behaviorallv tramed to perform
e amplitade modulation discrmination task Jdescribed above and bi whether chronic
Gecrrnoal stimulation mduces increases in central temporal resolution like those seen in
Ccunger antmals with fess severe pathology. L nfortunately, unprecedented problems
Cmpromised protocols in both ot these animals, [he first cat, K35, damaged the electrode
Gt nediately atter implantation, and reimplantation was extremely difticult due to
Cos presetce o polt poid-like connective tissue surrounding the electrode m the scala
Atter eatensive dissection of this tissue. a new device was implanted. This
2 orecen od sumulation exclusively ina behavioral task to determine detection

PR
Piori

RIS ARSI SN
shreslio s o aniphtude modulated signals, 1300 pps/ 30tz 500730 and 300/8 112 The
Sarhy ranng period was approximately 30-10 minutes. Although detection thresholds
sere obtaied for amplitude modulated signals, this cat was never able to perform the
AN discr o task tsee QPR#o ot this contract), and atter 17 weeks of training the
Fal clectrep i siology experiment was conducted. Subsequent dissection of the cochlea
1 this ot res caled that at the time ot reimplantation, the electrode arrav had perforated
the bomy w ali of the scala tympani at a point about 5-6 mm from the round window and
clectrode pail 2 was actually positioned within the modiolus, adjacent to the auditory
nerve  Lhe possible eftect. it any . ot this misplacement upon measurements ot the

temporat resolution ot entral auditory neurons in this cat is unknown,
[he sccond fong term deatened cat, K36, exhibited extremely aggressive behavior,
Jnd T was Dot possible to tram this animal nor to extend the passive stimulation

Suipps Sz cror more than 2o davs
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Adult deafened:chronically stimulated cats: The tinal group of chromcath
ST s e dimists o 2 aniads that were deatened and implanted as aduls arter
2re g g U ko Caaditons svstents and normal auditons experience dunng,
Gevolopment s dicap s mtended to model cochlear implant subjects with adult-onset
deafness i b pranpose of this study s to exarmine the extent ot plastiviny that can be

S e ot s Bl oles Ll stumudation m the adult centrat auditory syvstem

23 Methods ot measuring temporal resolution.
e remiporal reselution of neurons e the 16 was determined m all these antmals
e tinad electiophysiological experment by recording responses of isolated single

Corons T pulse tdtins (0 2 msec s phase) ob increasing trequencies s Jdescribed
cocviousteoSvder etal o Nearophysiol 1995, J3 T 40T these pudse series are
Syitoay recended begining at 10 pps and proceedimg with treguenay morements ot S-10
S et e teuron e donger respotids to the ststamed stimutus walthough ot may still
Lot et responiser The responses are recorded in peristimiaius time histograms
e aad the resulting modulation transter runctions correlate the number ot sprkes

Jrcited worth the treguenoy ot the stimulus. For cach isofated neuron the o dB cut-oft

Fecnuenoy and the manimum cat-oft trequencies were determined. The o dB cut-ott

\

reguencs = detined as the trequency at which the number of spries per stimulus s

Giieodt fooote the s i cut-oft rreguenoy OAN S the maximum trequency the

oot i bedbony i g <y nehronizoed mannet xsl}_’,nmum\ v P

3 Results in experimental groups.
Cable 2 sununarizes the average 6 dB and maximum cut-oft trequencies for the
srgle units of these recenty studied cats: Phe resudts are shown tor both the totat 1€

Chcadine external and central nucleus and for the central nucleus (1 atone

Neonatally deatened/chronically stimulated cats: It shouid be noted that i the
o cle troph stological experiment m cat K9o, the cortical recording experiment was
Condes ted prer o the [ experiment. When the surgical exposure of the IO was
pertorined o this annmal . there was severe bleedimg which resulted in a deep intarct that
sttt it hnnted the 10 region m which responses were rec orded. Thus, the guite low
fontin i tomciunon recorded mthis cat (MAX=64 pps) may be a result of the imited
samipie of sigle amts recorded i the anmal.

i second neonatally deatened/ stimulated cat, KOO, the subsequent histological
anatysis of the cars revealed the presence of intact hair cells throughout the cochlear spiral.
Further inguiry reyedled that this cat was a normal hearing cat that was somehow
ww it ed with o deatened httermate in the LCSE Animal Care Facility. Although ne
Condlusion can be drawn from a single animal, it is interesting to note that the 6 dB and
VAN temporal resolution values in this animal are identical to the mean tor normal
anstimubated cats ttotal ICNAX 10U pps. see also Fig: 36). This tinding suggests that
noFal auditory mput trom an mtact ear may prevent the chronic electrical stimulation
cttects on temporal resolution, and mamtain more normal temporal response patterns in
the 10 Because of these problems. the data trom both K96 and KOO will be excluded trom

PTRCr ity ses of groap data tor the neonatally deatened/chronically stimulated cats.)
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Fable 2
i Gt Moedi Caort Freguenioy pps
- R SR Potal 0 cevenial annd central Coeratral Nbcieds Oy
! o dB Maximum o dB Maximum
4 .
RERIENT H :
“ 1 pic b oy 4 04 i3 - ;
b= bl bl 5 42 o ;
pood snt Sub e Bel o im2 o2 S :
! st stz Ben all Lt a5 s
Averave NIRRT 33 124 57 130
L
N I R R RV S A4 BN
[T SUGH S s ER) 124 . 30
Lwvelagy 42 89 45 95
HINEN
b LR P oo {52 a W
SR T st st iz i~ i i
yeiam 33 124 539 143
Table 2. Summary of temporal resolution data from recently studied cats.
C g mtarctin the 1 imited the sample of single units isolated m this cat,
SN\ oemal hearing cat that was implanted and chronicalls stimulated
fhent Deing deatened by ototonic drugs.
veentis from the third cat in this group, K93, show anaverage MAXN i the total
{Cthat = narked iy loser (73 ppsi than the previousty reported (QPR#ES,1995) mean for
e et deatened ©chronically stimulated cats (157 pps); in fact, this value is even

o et than e dcan previously reported tor normal unstimulated animals (MAX: 99 pps;
NUE Fre Soe 10is undlear what accounts tor this low temporal resolution. One
DossiDIE 1= that it s attiibutable to the long period (121 davs) of psvchophvsical testing
artny w hich this animal was trained to respond to long phase duration (5 msec/ ‘phase)
Sedis gt low trequencies (2-80 Hzo This would suggest that the ettect of initial training
was not reversed by the shmt (23 davs) tinal training period during which the animal was
med on the 300 pps /30 Hz AM discrimination task.
e fial cat in the neonatally deatened /chronically stimulated group exhibited a
arked increase in temporal resolution similar to the animals previously studied atter
he mean 6 dB cut-otf was 69 pps and the

IR

nrern ~timulaton with these AN signals

VEAN L due was 2 pps
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Long term neonatally deafened/chronically stimulated cats  Thoe tweong term
Seaterd ats ston opposite estlts IER the o dB cut-ofr trequeny was S pes and the
VEAN L was O s s degradation in temporal resolution s o proalor iong

Jdoatered cats studied i prreyivids expied ments wcrthowt Chronic stoulatron. Fhe mean

Dot s reported previousiv tOQPRES ) were 45 pps ror the o dB cutort and
et the A Reall that tins cat had to be reimplanted and underswent aimost ali
e b g woith an electrode pam 123 one element or which was

subscten e osid e be nnsposttioned and located in the internal auditory meatus. o
rerrospe Ut position of the clectrode and the abnormal EABR wavetorms obt, wned
G e el renmplantation sugyest that the cat may have been responding to non-

e ~nmiuiation in the bebavioral trammg and ettectively did not recenve any chroni
Strmution cof the auditony nerve Alternatively the very linuted extent ot auditon
o dolin ered o the behavioral traming (eog o an average of 30 suprathreshold
Gie messicino et huve beenmsutticient to induce the changes m temporal resolution
v ther s rcnioalls stimatated cats 1t so then the poor temporai resolution i this cat
coort e tindings the long term deatened s unstimulated group Plowever as
Sientoned previousiv e the ettect ot this misplacement upon measarements of the temporal
wotutor cfceittral auditony nedrons is unknown
Che seconnd Tong deatened cat. Koo, recenved Tess than o weeks of chironi
S a oD Because 1w s su aggressive and ditticult to handles Yer the IC expermment
S e caled e dB ot ot ot A7 pps and o MAX value or 132 ppss This s a
Ry better wnporal resoltition than seen i any other long deatened ammai.
St o=l ddeienstated aimean o dB cat ot ot A and MAN value or st a group
s animais deatened tor pentods ot 2= vears . Thus the temporal resotutionn Kot
ton e ot onl tughior than other tong term deatened cats, but also higher than sormal
Gieos e trennely interesting 1tsuggests the possibility that everorelatively fimuted
Cperienee eath chronie clectrical stimulation may drive striking alterations in temporat
csparse properties of central auditory neurons. Clearly, no conclusion can be drawn
RTINS cothe mitial diametrically opposed results in these tirst 2 chronically
“oneeted lone term deatened cats. But the results n Koo suggest that rurther studies ot
Py tern Jdoeateined animals mav be extremely interesting,.

Adult deatened/chronically stimulated cats: The tirst two cats in the new group of
pricrorinal adalt deatened s chronically stimulated cats (CHIT58, K40 }) both showed an
Hrease st temporal resolution. As indicated in lTable 2, the mean .’\qr\)\ \'aluvs were 132
nd L3 these 2 cats, and the average for all 1C units was 124 pps. This is a statistically
St ant rease of about 25 above the normal/unstimulated value of 95 pps (see
OPRES . Although data are quite limited with an no ot just 2 cats studied, results so far
appear to be consistent and indicate that the adult auditory system is capable of signiticant
Slasticity i temporal response properties, at least to the level of the interior colliculus.

B

Agan detinite condustons must await additional data.
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4y Comparisons among experimental groups.

Bye o rti~e oof Thic \}M‘tii'ih']lhii }"l'ulwlt*n'h i Rve antarct in the 1O and Ko naot

Seatenod s thie bt o both these atiinials will beeacduded o all subsequent analvses
Gty bttt eonnatathy deatened stimdlated cats tsee Figds and 2 Phe number
Drnie e s cionp of ligher treguency ot H stimulated cats now maiudes a totai

vt Tooin [ ;ll\\i [NEAY

Average Maximum Cut-otf Frequencies in the 1CC

223

- L Long deat Adult deatened Neonat. deat.

z 200 + n=10

-

= |75 4

-~ n=2

-’ ; i

— =1 .

4 130 1 n=2

= N

= 125 + n=14

- n=+4

-— U

=

— el B

~ IV

~

- 25 4

- 2

~ i ., i I i

{} e . T B T ) T ; 1
unstim. stim. unstim. strm. stimulated
low high
treq. treq.
bipare boaiina e ol eiiporal resoliion datda averaged tor TCC dnks b arstiais an

Prouie o compares the mean MAN cut-ott trequencies tor all the experimental
croups e hading the o new groups ot adult deatenedy chronicatly stimulated and long
cormt dedateriod s hronnealhy stimulated animals. Note that in this summary of temporal
cosOlULION datd the s alties shown are tor units in the central nucleus of the 1C. Data for
neurons i the external nucleus were excluded, based upon the observation that temporal
osolution remains unchanged atter stimulation for units in this region (see section B,

[ RIS ERNY

fhe tong term neonatally deatened Zunstimulated cats exhibit the poorest temporal
resciution  The prelmmimary data trom 2 long term deatened/ stimulated cats shows a
L warianee retlecting the opposite results observed in these 2 animals. Our
croliminiary interpretation is that the catwith the mispositioned electrode, K55, did not
recere e offecti e on suthicient electrical stimulation of the central auditory svstem and
chibited the poor temporal resolution characteristic of the unstimulated long

Searencd croup results from the other cat suggest that stimulation can induce a relative

et e

8
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Dt data rrom additional

BT ESR A rertieo ol roscdiition ey et these fong deatened s ats L
Do e e ate o s il it b cBLained Defore anty B condliision can De draan,

oot g ~Liaaodatodd el s shiow il average NEA S T the TOC o B [ SR and thoe

o eriinde s data P Uase Joaddlt deateied aird Chiromie by stinruiated cats shrow G

Ctediipeoial resolation iNT AN "wie}‘ws»

SEERITR O Matally deatened =ttmubated animais > subdivided it

il es ot ed Tos trequeney stimadation toso Flzrand those wath high
Cost EE Following low freguency stimufation antmals show g

=t haliodn
S teipondal tesolutivisconipared to the normat unstiniviated group, but
~ ot ~tatistically signficant hnccontast a marked and highhy significant

Dol re sl tion i demonstrated in the group of aimials stimiidated with
v temporad v challenging protocols INFAN 7o prse s Brom these

Tt L~ wdn Jearn s hether the difrerence in tenpuoral resolution betw een adult

EE U TN & DO R U A
S nal st lated dnd neoniatally deatened - hagh treguenos cats s related to

Prerotioos o ~tmitiiation period faverage for normals 20 wecks s average tor
Plad 9

SRR wock=1 e Bether imdicates that 10 ES has g more pronounced etiect
Con e deadencd developing auditorny systen that on the aduit deatened svsteny Agam,

Ty

Cstladies i pogairod o Ssulve this rssue

3 SPATIAL DISTRIBUTION OF MAXIMUM CUT-OFF FREQUENCIES WITHIN
PHEOINFERIOR COLTICULES

cperinents the sungical exposare allow s visuaiizaton of Cie entive
: cfthe 1O The trajectory ot the recording electrode s the coronal

sl b i Tas
L et ot e sanittal plane by 45 0 so that the electrode is imtroduced at the

Cteral sui e of the 10 and advances toward its ventromediai boundary.

iy

Ihis
S e oy ensures that penetrations are perpendicular to the 1C isotrequency

Go s that poenetration depth corresponds to relative characteristic frequency, with
cricios represerited most superticially svithin the centrai nue feus of the HC and

e~y Bigher frequendies at progressively deeper sites.
Leestion that arose about the temporal resolution data was w hrether chronic
Gt sitered respunses of the whole population of 1C neurons, or alternatively tor
e toes stinlation alter phase locking ot neurons ondy in the high frequency
covtetis ot e b Bedrons which normally encode higher frequency auditory
Dtorniation Acthor B pothesis would be that the neurons most sensitive tlowest
reshoid s o Ui onn 1CES miaght be selectioely etfected by the stimulation, whereas the
i der of e neuronal population would remain unaltered m temporal resolution.
addiess this guestion additional analvses of the temporal data were performed

Cenanane the VAN reguencies of single units as a tunction ot the 1C penetration depth
Sistance alony the OB aradienty. Figure 2 shows this analysis for the following groups of
wone deatened unstimulated cats normal unstimulated, and both low- and the

RIASEARIGE O iyl

borreduenes ~tmulated cats Because of the limited number of animals and theretore

peurtocnt sample of single units the groups of the normal stimulated and long deatened

[

AU ted s e cot i luded i this graph

Y
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Viavimum Cut-ott Frequencies in the 1C

cxleiiidl itudddus ‘t'“llvdl nudleus
D200 e dons o ar
e o
= ~Uhulalod How ey
B-oniciaaca thigh fregd

FENE -

Cut-oft broguenoy ipps)

i

7]
13,54 Lad 150 2 250 3.00 3.50 +4.00

Penetration Depth (mm)

Frowure 20 =i o Ddismribaction of NEAR rregiieiicies ds o fdribies o g denth relatinve

oot bospretibiviibar ciotges Ton w bk FesUTToien Jdate e o g

Sediishied Bine i Pigure 2 indicates the border between the external and central
v~ ot the 1O The data reveal that there are no signiticant difterences among any ot
e rcus i tenpoial resolution of nearons withim the external ntic feus. Fyven high
ecuery hronie electrical stimulation has no sighiticant etfect on the tempore al resofution
s ;mvmllaumn i contrast, i the central nudleus we see an crease ot temporal
et fes b groups which s more pronounced tor the stimulated and especiallyv for
et rrequencoy stimtlated cats Furthermore, the cut-oft frequencies for the groups ot
e e teatenaed anstimulated, the normial unstimulated and the low trequency
v g at= oahubit a relatively smooth and tlat distribution across the central nucleus,
A fercas e remporal resolution ot the high trequency stimulated animals shows a broad
Aok it aed between 23 and 4 mime Thus, the gradient ot temporal resolution
apparcnth does notcorrelate with the tonotopic gmdwnt. that is, the high trequency
cevion the decpest sector of the 1C does not have the highest temporal resolution. Instead,
ror el onedl stimalation results i increased temporal resolution throughout the 1ICC
St navuim offect seen i an area near the center ot the 1CC.

B area of lughest temporal resolution can be even more distinet when these MAX
Aistribttion data are plotted tor individual cats from the high trequency stimulation
nwl; Froures Sa-d crollowing page) show the MAX-distribution tor 4 high trequency
somulated animals compared to the average ot normal unstimulated animals. While the
cornnal cats agan show atlat distribution of MANX atong the 1C, each of the high frequency
SN es Tl sTow s @ ospeditic area ot highest temporal resolution. The arrow in
cach orart ~hoa s e average position of the spatial tuning curve tip tor that individual

10
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CEL O FREOQUENTY tppe

a0 Maaimum Cut-oft brequencies 1a b1 Manimum Cut-ott bFrequencies tn
ine 10 thoyy v Norimal the 1C (K90 vs. Normab)
o : i
7 . -

CUT-ORLTREQUENT Y ppe

i i 1

PENETRATION DEPTH tmme

St PRV T N BEPTH g

© Mavimum L ut-ott Frequendies in di Maximum Cut-ott Frequencies in

the 10U thY 1 vs, Normab the 1C tKY9 vs. Normal)

CUT T FREQUENOY (pps

PENEITRATION DEPTH tmun

PUNETR A TION DEPTH imn

MVasimum Cut-ott Frequencies i £} Maximum Cut-ott Frequencies in

the 1C thds vs. Normal) the 1C (KOO vs. Normal)
Pa V‘~:1 - O 'r"‘“b'““ v
lom- NIAN e
t Al

CUT-OFF FREQUINCY tpps)

PENEYRATEON DEPTH imag PENETRATION DEPTH tmm)

Sranon o T DRI L GOt trequens es of single unies i the i o mdiviual cats

Pilation grodp compdred tothe average ot norndl unstimulated amimals. The total

P
PR RS

Froure > ~ivau

et s crts cclated aind e aserage MAX vatue tor the animal are shown i each graph. Arrows
e e e v omitcioel i dowest threshold tor 10 ES with the chromucally stimutated electrodes,
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Cat o Phas vepresents the Jocation of imas i sensttivity to the chronte [CES deivered by

Clectrod pate 10 Apparently there s noclear relationship benween this focation and the
Cotor of cniisn telipsoral resolution although e all cases it bes within the area of
Coimedteniponal coscdution
bl S osalts ton the stiulated cat ks e plotted. The distribution or MAX s
CLit ol TR it temporal tesolution s b«-lu\\ the averayge of normal unstimulated

Cate sitvostine tat tie results from this catare notrepresentative of stimutated animals,

P T R S S S TIPS
St st the MAN distribution of the normal hearing but chromcatiy samulated cat
Aot~ crotted s distribution is v ery similar to the average of normal unstimulated

conats ndicatnnyg as mentioned above that imtracochlear electrical simulation does not
oty lten the temiporal re solution capadity of animals with normai hearing. This
L dominance of the umilateral normal acoustic stimulation over the clectricat

Pl 4 demonstrates the large mdinodual ditterences i the distribution of the
e Fesctuton of K33 and kAo While the distribution of K55 1s tlat and below the
vt norinal un\nmu]atvd antmals. the tempural resolution of K6 1s significantly
decdt abon e normal with a peak arca around 25-4mm- As discussed above. turther
fat o= e teces=ainy to provide a basis tor tinal interpretation ot these mteresting but

SRR
Bisarate restilts
Maximum Cut-Oft Frequencies in the 1C

TR vy Nvormal) SRSR s Normaid
A Fukit 40 é m Dot EUOHEE S
= [ NSRS = mrae

B - i ~ by Lo At N

Pentration Depth (mm) Pentration Depth (mm)

Figure 4. (hstibuton of MANX requencies i the 16 o the two long deatened s chronically
D dted cats s coiipared o the average values tor the adult deatened. unsumulated
Sl bt Gainber of neurons solated and the average MAX value ror each ammmal are
NI Ao pdicdte the mean positon ot the lowest threshold tor 1CES with Hue

i wtlited electrodes  Note that scale bars are ditrerent trom Fig,

Finaily ty 3 shows the MAX distribution ot CH158 and K401.3, the adult
Jeatened - hromeally stimulated cats. The data trom both these ammals again show the
Strect of gl treguency stimulation with a signiticant increase temporal resolution in
the 100 and g peak area i the central ICC it should be noted that the marked peak in
CHA s g artitact of sampling - oonly asingle neuron was isolated the 2-2.5 mm

l')
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Protective Eftects ot Llectricat Stimultion

P st Ubvioushy the number of single andts per by s crten mrted o0 data

i1 PREEN ped il oLt
Maximum Cut-Off Frequencies in the IC
T NN R T ] PO HISR Vs Normalb
o e _:‘; NOrMma v A o b
= a = & i RIS
N i b
— 1 ——
‘ C
Pentration l)epth (mm) Pentration Depth (mm)
Pioure 3 Shstibi o b MAN fegienvies o the O ror the thve adult deatened chirontcally
S s als o coiiparcd to die average values ton the adult dearened, unsmimuiated croup. The
O T e i dsolateed atnd the average MAN value are showan tor cach annmals Arrows
Gt D sacai prositivis of e dowest threshold tor [CES woh the dnromicady stimulated
e Ut bt e scade D= dpe Jrereit ron the 2odts
Summary’

C i e ol stunutation protoundly alters the temporal resolution capacities of
(0 oo nrons aisc o the adalt auditory systent.
Chronde sumtation has no significant ettect on the temporal resolution or neurons

Gorre onterial nu leus ot the 1C

S cradient of temporal resolution in the [CC atter chroni high rreguency
<o atien does ot correlate with the tonotopic gradient.
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Protective Litects of Electrical Stimultion

Work Planned ror the Next Quarter

e mote e ult deateied vats has been mplanted ancd dosecond s i e
P Lnted during

the ot quatter using the nes model UOsE cat vlectrode These
VR s vl i

foderec cHaoine stmulation usig a temporaliyv chatlengimg (but passive
Ghd e it clo tial stmudus 0300 pps amplitude modulated with a 30 Flz smusoids

Studios o spiae canghon el survival and cochlear nucleus morphology i the
Oresscusls stldicd adult deatened cats will be completed during the next quarter.
hose it <hould indicate whether the protective ettects ot chronic electrical stimutation

IRTRER Pt
AT Rt L

Limc Dy ed 1T neondtally deatened cats are dependent upon critical periods ot
Seclopiient o alternatively canalso be induced inanimals dearened as adults.

D three neonataliy deatened kittens have been implanted and are currentiy
cnderzeny ctnonic electncal stimulation. Chrome stimulation these anmals was
otated on tao idependent bipolar channels: Behavioral tramimg now has been
Strated to determine the behavioral thresholds to the chromic amplhitude modulation
Senal ACleast 2ot these antmals will be studied during the next quarter, and two
Ltnenal Kittens sl be implanted i the coming quarter

Arndisses of FABR and CAP data will conunue during the next guarter. An
Ghile on progiess i hese notis asive studies of temporal resolution s planned tor

P DT tor Y PO ress |\t'}'\ll(
~ <

oLt

cote Pae aerk reported mthe tollowing two abtracts was supported by this contract.
SeL bt (s e been decepted for presentation at the ARO conterence in February.

I
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